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I

Cirrus Particle Distribution Study
Part 5

I. l’sTRU I) 1( I ’lO\

This is the fifth report in a study of cirriform cloud pa rtiuls ’ dlitrihutions

measure d by an !1dC - 130E of the 4950t h Test Wing which was equipped with AFGL

cloud physics instrumentation. The capabilities and limitations of the instrumenta-

t ion on this aircraft have been discussed in the first report of this series by Var lev .

The particular mission described here was flown on 19 March 1978 in support of

the Air Force Weapons 1.ahw’ It I r r ’ \  s (A F W L)  Advanced Radiation Technology Pro-

g ra in.

The sampling f light of 19 March originated and terminated at Kirtland AF’ 11,

N iw  Mex i ( t , and lasted hunt two hours. It was flown in the area south of Albu-

que rque where t i ure  w e r e  extensive layers of altost ratus and cirrostratus clouds.

1he r Ilin regions ~..IrrIp Led consisted of a high altostrat t is deck , a re latively clear

a rea  between mid- level and highe r clouds , and a c irrostratus layer. The five

~ I t cle Measuring ~~‘. s t t ’ r r  (P\IS ) spectrometers aboard the aircraft  recorded large

numbers of p. n t i e l e s  dur ing most of the flight except when the aireraft was neither

in. nor unde~~. visible clouds. Such conditions were rare on this flight .

( Received for publication 12 July 1979)

1. \ arley. I) . J. (19 78) Cirrus Particle l..}istributiorx Htu~ y, Part 1, AFGL TR- 78-
0i~~2. AD AC RI485 .
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A description of the general weather situation on 19 March and a discussion
of the significant data obtained during the flight are outlined in the following section.

2. SYNOPTIC SITUATION

During the evening of 18 March and the morning of 19 March , a weak cold

front moved south and west from the central plains towards New Mexico. F igure 1

shows its position at 1200Z on 19 IVlarch. By 1800Z , it became nearly stationary

over eas tern New Iviexico. A weak low pressure area along the front was centered

in the I’exas Pacjaandle at that time. The polar air mass north of the front wa. ,

ove r run  by warm moist air that resulted in extensive middle level cloudiness from

western Texas to central New Mexico. The southerly f low of warm air near 700 mb

(see Figure 2) contributed to the creation of this cloudiness. A short wave at

middle and high levels plus a 300 mb jetstrearn over the southern boarders of

.‘t r izona and New Mexico resulted in cirrus and cirrostratus clouds over southern

New Mexico. Figures 3 and 4 show the location of the short wave over Nevad~
at l200Z .
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Figure 1. Surface Map at l200Z on 19 March 1978
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Figure 2. 700 mb Map at 1200Z on 19 March 1978. Values are tens of
of geopotential meters
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Figure 3 . 500 mb Map at 1200Z on 19 March 1978. Values are tens of
geopotential meters
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Figure 4. 300 mb Ma p at l200Z on 19 March 1978. Values are tens of
geopotential meters

Figure 5 is a GOES visible satellite picture of the southern U. S. at about the

mid-point of the flight (1800Z). It shows extensive high cloudiness over central
New Mexico. Some middle level cloud is also evident.

Surface reports during the flight showed extensive broken to overcast middle
and high cloud throughout the area. The following are representative surface
observations .

Table I. Surface Weather Observations

Cloud Ht~ \ sbv Temp Dew Pt Wind
Time J~ tion and Extent (mi) ( ° F / C )  ( ° F / C )  (Dir/k t )

l700Z Albuquerque 140 broken 60 59/15 18/-8 160/04
200 broken

l70 0Z 1-lolloman AFB 150 broken 40 7 0/ 2 1  14/ -10 100/06
25 0 overcast

1700Z Roswell 100 broken 20 65/  18 20 / - 7  100/07
150 overcast

1800Z Albuquerque 140 broken 60 63/17 18/-8 100/07
200 broken

in hundreds of feet
~ thin

10
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Figure 5. GOES East Visible Satellit e Picture at 1800Z on 19 March 1978

The Albuquerque sounding for 1200Z on 19 March is shown in Figure 6. The
moist layer from 7 to 9 km indicates a layer of clouds at 23, 000 ft. An inversion
at 7 km marked the base of this layer.

During i ts ascent , at 1700Z, the air craf t observed a similar inversion at 6 km.
This indicates warm advection was occurring in the layer between 6 and 7 km. The
dotted line on Figure 6 shows the temperatures  reported by t he a irc raf t during its
ascent.

By OOZ on 20 March the 500-mb short wave shown in Figure 3 had moved over
the Albuquerque area. A s a result , t he cloudiness increased and the moist layer

had descended to the 500-mb level. The 500-mb dew point depression went from

17 dcg at 12001 to 0 deg at OOZ .

11
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Radiosonde Sounding Taken

The dotted line shows the
temperature observed by the4

sampling aircraft between
1700Z and 1800Z
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3. THE FLIGHT

The area south of Albuquerque was covered by layers of middle and high clouds
on the morning of 19 March. The flight discussed here was made in order to
sample both layers and the area between them. Profiles of the aircraft altitude
and outside temperature during the flight are presented in Figure 7.

b0

~~~~~~~~ L9
MAR CH I97L

~~~~,.. H

-j
q

-25 - -

Q. 35
-
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A 8 C 0 E -4 4 ,  4, 4, 4,
I l l  I J ~~~~~~3 I I

_
T J  I

1710 20 30 40 So 800 10 20 30 40
TI ME(~~)

Figure 7. Profiles of Altitude and Tempe rature
During the MC- 130E Flight of 19 March 1978 .
Letters are at times for which dat~ are exam ined
in t ex t
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The aircraft departed Kirtland AFB at l645Z and began a stepwise ascent. By

l705Z it was in an ice partic!e cloud at 7. 3 km (24 , 000 ft) that appeared to be the

upper part of an altostratus layer. At l7lOZ a climb to 8.0 km (26 , 000 ft) began.

Upon reaching this altitude the aircraft was between the altostratus and the cirri-

form clouds as seen in Figure 8. At 1752Z the aircraft climbed to 8. 5 km (28 . 000

ft), where it was just below the base of a cirrus layer (see Figure 9). At l740Z

the climb was continued to 9. 0 km (29 , 500 ft), where the aircraft was in the cirrus

deck. A final climb to 9. 3 km (30, 500 ft) put the aircraft near the top of the cirrus.

During this time, the aircraft remained in the area between Albuquerque and

Socorro. See Appendix A for a transcription of some of the flight ~~~~~~~~~ taped

comments during the mission.
Particle sampling was conducted for the period from l705Z (approximately

20 mm after takeoff ) until 1845Z . when the aircraft completed its last data pass and

prepared to return to Kirtland AFB. A variety of crystal types was recorded as

the aircraft moved from the mid-level altostratus clouds to the relatively c lear

layer between c loud decks and then to the hig .ler cirrus layer.

~ ju4q

L

Figure 8. Photograph of Clouds at 1722Z on
19 March 1978. Aircraft was in clear air
between two c loud decks
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Figure 9. Photograph of Clouds at 1730Z on
19 March 1978. Upper deck was somewhat
thinner than in Figure 8, and particle courts
had dropped considerably in a short time

Tl~e traces of the variation of ice water content (IWC) determined from the

scatter, cloud, and precipitation probes from 1705Z to 18451 are shown in Fig-

ure 10. A similar plot of the ice water content computed from the sum of the

cloud and precipitation probe values is shown in Figure 11. Generally, water

content was high as could be expected from a flight which was in clouds most of
the time. Even while in the higher clouds, the precipitation probe registeied large
ice water content values. There were several short periods during which IW C was

unusuall y low. These generally corresponded to times the aircraft w a s  between

layers.
As in previous cirrus sampling flight s reported in this series , the PMS . xial

scat ter ing. 1-D ‘ c loud and l-D ‘precipitation” spectrometer probes were used.

These recorded particles in the approximate ranges of 2 to 27 pro . 1 to 36 0 tim,

and 320 to 5400 pm, respectively. The scatter probe is believed to overestimate
t he numbe r of small ice crystals by an unknown amount. This uncertainty exists
because the scattering properties of such crystals are not known. In iddit r i to

the l-D probes. PM~- 2-D “cloud” and “precipitation” probes prov ided “shadow-

graphs” of p r-t i~ - 1 -a as large as 800 pm and 6400 pm, res pectively.

14
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Figure 11. Variation of IWC as Determined From Probes Measuring Particles
Approximatoly 17 to 5400 pm in Size During the Flight of 19 March 1978

-1. EXAMPLES OF DAT \

To illustr-~ t’ the di.ffe rent kinds of particle data obtained, five portions of the
flight were selected for closer examination. The times chosen are shown by the
arrows and letters at the bottom of Figure 7. The letters correspond to the letters

of the subparagraphs below.
(A) Figure 12 shows the particle spectrum observed during the 3-mm period

beginning at 1705Z . During this time the airc’a lt was pa.~sing ~n and out of the top
of the altostratus layer at 7. 3 km. The data from th~ [‘MS 2-D spectrometer probes
revealed a variety of round-shaped particles considered to be in the “sma ll-snow”

category. Examples of particles from both the PMS 2-D cloud and precipitation
probes are included on Figure 12. The scale appropriate to the 2-D pa rticle is

shown at the right side of the 2-D example particles. (The maximum dimension
of the 2-D displays on Figures 13. 14, and 15 is 800 pm. )

Figure 12 (data averaged from 1705 to 1708Z) shows a large concentration of
particles in the 2 to 27 pm range that were recorded by the scattering probe. The
ice water content (1W C) computed from scattering probe data was one of the highest
values recorded during the flight . Between 15 and 750 pm the concentration of
particles was nearly uniform. This may be related to the stratified nature of the
clouds being sampled. The averaged particle concentrat ion data for the individual
probes are given in Appendix B to correspond with the Figure 12 through 15 spec-
trum displays.

(B) Figure 13 reflects the particle spectrum and 2-D forms existing between
the altostratus and cirrus layers. The gap between the cirrus and altostratus was
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km TEMPERATURE 28.8 
~cPP’~BE

‘~- A T 1 L r  CLOUO(C ) PP[~~IP (p
’) C • P

IC’. W~~T~~ C O N T[ ’ ( ’  ( j  m 3 ) 2 72 x 10 2 8.87x io~ 1.53 x io 2 1 .62 x 10 2

M E D.  V 7i . ~IAIIE T EP ( ri ) 10 151 302 298 
-

FX AJ P . 2— D ,~P ‘ L E  ~~~~~~~

- - , - - ~~~~~~~~~~~~~~~~~~~ ~ —P~64OOpm

I 705 29~ ~ ‘~PIt1 I Ij~1t~1~1’ ~!1’ I I r~i ‘t ; ’::II f iIi~(f ~IliII!I~II ~fl II~I~ItUIL !I~I!~IIllhItI~ ~~~~~~~
I? r ~~~~~~~~~ ~ ~

7
~J ~LLi~h~hiIC0M~’~~i i S  In tops of altostratus layer. Ice water content is relat ivel y ~II—IJP~8OO~iITI

~
(gh. Median di amete r of C + P sizes is the largest of any

sample exam ined in this report .

-
Ir SCATT ER PROBE

E

— - i-CLOUD PROBEz

105 
~~~~ 

PROBE

10
1 

i I I I I I I I I I i I I I I I i

0 600 1200 1800 2400
PARTICLE sIzE(,~.m)

Figure 12. P~~rtic 1e Size l) ist rii utwn for 19 \ larch l978~ 1705— 1708Z
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sma ll at this point, and the .iirc r . ~ft passed through occasional pi tehes of thin
cloud. The temperature it the time was -33°C , the frostpoint - 3 6 ° ( , and the
dewpoint -39°( . As the 2-D cloud probe data show , the number of larger particles
had diminished sharply from th t i nd ie ,t ed  on Figure 12. l i t  from the precipita-
tion probe indi ‘ted only a rel~ tr~ l,~ fe w larger pa rticles and none larger than
1100 pm. This is also confirmed ft the extent of the particle distribution curves
avera ged from 17 17Z t e 1720Z . The transition from the condition in Figure 12 to
that  in Figure 13 occurred about 17011/., w hen thi’ flight director ’ s log indicates
the aircr ft emerged from the altostratus layer.

(C) The photograph shown in Figure 9 wa s taken when the aircraft was climb-

ing to . .  - ird the cirrus through uh. t appeared to be cloud free air. In fact , during
the 5-m m period between 1731 and 1735Z the only particles dete (  ted were 4 pm
in size or s rn ,llei . A ppendix H li5t’- . printout of the few p rti - les detected , but
no graphical ‘lisplav is gicen here . The cloud conditions at the time were similar
t o  t hose mentioned in (B) - . . it~ thin c i r rus  above and 1tostr ~,tus be low. However ,
the ‘iist .inr’ .’ betw een tb’  ( w i  cloud layers ‘pci i’s to have been larger. The com-

— 5 -3puted I’A ( of the sc ,t t e r  probe fell t i  a ‘;ery smil l  3 / 10 g rn . The tempera-
ture d ring this pe riod was ipproxim t e l ’ . -39 ’ ( , t :ie frostpoint -43 ° C, and the

p’ ‘tnt — 47° C

(D Fig rc 14 sho~~s the av er ’ .ge d parti i ’le ~pt” t rum - . .  ith in the cirrus clouds
•t •n alt t b -  of ~ km ( 2~ . 000 I t ) .  ‘Fh~.. pa ~. i Ic i onee t . ’ rat ion drops nearly linearly

6 3 0 3from 10 / m -mm at about 30 pm to 10 / m -mm •t 1300 ~ ri.  Eac h of three

~p”rtrometers ‘ri c,rd,’d - I t  that result  in ice ’~c~~(e r ’  ‘ intent values between
4 and 8 - io~ g m-3 At this time the tempe r ” ~~r -  was -40 °C and the dewpoint
-4 3°C. This same general cloud - ,,nliti’ n was p ’ r ’ ~~.sti nt over  at least the 5-m m
per iod for whic h the f a t .  on Figure 14 ‘cc re aye  raged .

(I’ ,) I’ pure 15 pre n rits data from the uppe r portion ‘if the cirrus layer. At

the t in ’ represented there , t here was le,s of a ‘. , , r iet ’ , of 2-D p rt icle shapes than
seen in the Figure 14 disp lay . Bullet r” ,Set tes were more common in cont ‘- ‘ s t  to

the -un li sno’; seen earlier. From the time r’ ’ p r e s i - i i t - I  by Figure 14 to that of’
I i~~urc 15 the aver - ge ice w a t e r  c utent IWL ) ‘it both the scat te r  and cloud probes

more ti n doubled.

The mo4 - ‘ ( i i ’ able l if f ’  renc ‘‘ bet ’ ,. ee i l  F’ ipures 11 m d  15 is t i, - incre a ’ -  in
p. ‘~ic les f Over 900 pm in siZe . l’h” maximum parti, le size in Figure 15 i s ’ ’ .- e r
1900 pm . wnil ,’ in I- igur e 14 , the maximum ohsei” .,’ d was u nIv 1300 pm. In the range

-~ ‘he prtw ip t t  tion p -h • h i t ’  380 pm) the median ‘ rti ’lc di,,rru, t , i’ changed
r’l  , t j . e l ,  ( it t ) , ’  (, ‘e . t i ,n of the large numbe r ‘uf smaller pa rt u les while ( i t  number
nd rt l, t lve ‘- ‘, ne , ~~,t r , t i’ n of larger par ’t i ‘8 increased considerably as ‘he airc r ft

moy c d  from (he b, se ‘if  ~he in rri is la- er into t i e  upper po rtion of th. - t  li i ,r.
The m”fi n ‘iol’ ime diameter for t i  cloud prob, range ( 17 to 360 pm) de-

crease d .‘ f e  height dut to t ie  large increase in (h, nunh, r of smaller s ize part icles.
In hot case~ , the Mission i)i r’’ to r reported t h e  visibility to be an ‘ s t i : ,  ‘ted ‘ ii ,’ mile. —
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ALTITUDE 8.0 km TEMPERATURE —33.6 °C
PROB E

SCATTER CLOUD(C) PREC IP(P) C + P
ICE WATER CONTENT (g m 3

) 1.15x IO~ 6.0O~~10~ 7.73~~10~ 6.88~~10~

MED. VOL . DIA IIETER ( u r n )  1~ 119 219 125

EXNIPLE 2— 0 PARTICLE FORMS

~L~.r.IrF~.kI. F. r 1I.L~ ir F LL.11F ~F kI.r 11 Ri.U~ WRI~ ~- P tI’.k ~L ~~ ~~ ~ ~~ ~L ~ II L.Ib ~.tkI . rI.LLHL~.~ ICOMMENTS: In occasional patches of cirri fo rm cloud between the alto-
stratus and cirrus l ayers . Largest particles were 1100 1mm.
Small snow is main crystal type .

E

I I I ~ i I I i~~~~ I I I I I I I I I I I I I I

0 600 1200 1800 2400
PARTICLE SlZE (~ m)

Figure 13. Ir rt o l.e Size Dist ribut ion for 19 March 1978; 17 l7 -1720 L
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ALTITUDE 9,Q - 
km TEMPERATURE —40. 1 °c

PROBE
SCATTER CLOUD( C) PRECIP ( P)  I C + p

ICE WATER CONTENT (g m 3
) 2.50 x ~~~ 8.98 x iO~ 5.50 x iO 3 I 1.25 r 1O 2

MED. VOL . DIAMETER ( u r n )  18 108 197 134

EXAMPLE 2- D PARTICLE FORM S

CLOUD 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Ikfr Ift .rfrft.~.~.r.rrr .kLkt. I.r.~ ~frr.1814:11

CLOUD 
-

COMMENTS : Near base of the cirrus layer. The largest particles are
about 1300i rn. Both bullet rosettes and small snow are
comtwin.
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Figure 14. Particle Size Distribution for 19 March 1978; 1813- 18l8Z
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ALTITUDE 9.3 
- - 

krr T { M P E P A T J P E  42.8 
~c

PROBE
SCATTER CLOUD(C)  P R E C I P ( P )  C + p

ICE WATER C0 N T E’~T ‘ q m 3 ) 7.49~ io 3 1.61 x io 2 9.10* io~ 252 ~ io’
2

MED. VOL. D [ J ~~2 ( n )  18 67 208 105

EXAM PLE 2-D PARTICLE FO~”.

~~~~~~~~ ~~~~~~~~~~~~ t~ir~ ~~~~~~~~~~~~~
1837 ~‘~I [ ’ I U I I  i f l i ~ H hu1 ~’u w i r ’ r  ~~ iii~rii r~COMMENTS: Near the top of the  cirrus l ayer. The IWC determined from

the cloud probe is large , but the rr~ d i a n  s iz e of €7~ rn i s
relatively small. There Is a snEoth dec rease of concentr ation
wi th sj~ e. -

~~I0

10
1 

1 1 1 I I I I I I I I I i i I I I i I I I I

0 600 1200 1800 2400
PARTICLE S IZE (~ m)

Figur e 15. I r - l i  -ni Ui- ,t r ib , - ,t i’ ri f o r  1’’ \1, r ’h l’~~R , l835— 18 38Z
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5. CONCLUDIN G COMMENTS

This flight provided a look at two kinds of ice clouds, altostratus and cirro-
stratus , as well as a relatively clear area between them. The data showed a large

difference in the type and size of particles from one cloud type to another. Par-

tid es in the lower clouds were relatively large with a variety of shapes, while the

cirriform clouds had small, more regular shaped crystals. Higher in the alto-
stratus , the crystal size decreased, although the change in ice water content was

quite small. Within the cirrus, however, crystal size was nearly constant while

IWC increased somewhat with altitude.
The sampling aircraft was in varying densities of cloud most of the time.

However, there were two periods when particle populations were very small. These

can be seen on Figure 10 starting at 1730Z and 1755Z. Both the 1-D and 2-D data

showed an abrupt decrease in particle size and ice water content at these times.
Particle size and number rose appreciably 5 mm after the times noted. These

changes in particle counts are also to be inferred in the changes in the total IWC

vs time plot in Figure 11.
Averaged cloud particle concentration data are presented in Appendix C for

consecutive 30-sec periods during this flight. The particle type (bullet rosette

or small snow) in these tabulations was determined by examining the 2-D data.

One change to the standard data format from previous part of this series is

the addition of a particle number total, NT, on each printout in Appendices B

and C. The NT figure is the average number of particles per cubic meter for

part icle sizes between approximately 17 and 5400 pm.
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Appendix A

Mission Director ’s Comments

The comment s in this section have been transcribed from the voice tape
recording made by Capt D. D. Cameron, the Mission Director aboard \IC-130E

S/ N  540 57 1 on 19 Marcti 1978.

TIME (Z) COMMENT

16:53: 15 Flight level (FL) 121 ( 1 2 , 100 ~t b and climbing. lAS 174 knots.
Temperature = ~-1°C . dewpoint = -12°C. ~\ t  haze lay e r , middle
clouds to the right.

16:54:40 Getting crys ta ls  on the snow stick.

16:55:30 Flight level 150 (15 , 000 ft) in middle cloud and climbing to top.
Ground barely — isible. 0. 5 mm small snow.

16:57:20 In clouds, ~ti1l climbing. Temperature = -5°C.  Flight level 171
( 1 7 , 100 f t ) .

1 :58:30 [ e k i n g  b r i g h t e r ’ , bet very gr ay  a few miles south of Albuque rque.
Flig ht l ev i ’ l  154 18,400 ft), 9 rim uorth of Socorro.

17:03:15 In continuous cloud. 0. 4 mm small snow.
17:04:20 Brighter, but still in clouds.

17:07:35 Flight level 240 (24, 000 ft), some icing.

17:08:30 Icing. Flight level 240 (24 , 000 ft) . LAS 140 kt. In solid cloud.
17:09:30 Temporar i ly on top of one layer.

17: 10:3 5 In clouds.
17: 11:20 .‘\t the level of the tops of clouds.
17:13:30 In the - - lea r ’ , between b ars.
17: 19:30 500 ft below cirrus. Small snow . 0.3 mm. Wind i49 deg/29 kts.
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T1.MF. (Z) COMMENT

17:20:50 At bases of cirrus. Bases lower to the south.
17:23:00 1000 ft below bases. Little data.

7:113: 33 Cirrus thinner. No halo.

17:29:00 Flight level 275 (2 7 . 500 ft) and climbing. Temperature = -24 °C.
Cirrus is higher and thinner to the west.

17:3 1:00 Out of cloud.
l 7~ 3 2 :2 5 In the clear.
17:37:35 Light cirrus. 0. 1 mm sized part icles.
17:37 :5 5 Halo visible above.

17:3 9:30 Size and intensity has increased.

17 :4 1:30 Climbing to flight level 290 (29 . 000 ft).
17:45:00 1000 ft below cirrus. Middle cloud below. Horizor.tal visibility

2 to 3 m iles.

17:45:50 In cloud. Particles very small and uniform; less than 0. 1 mm,
occas ional 0. 2 mm.

17:4 8:30 Clouds thicker, some light icing.
17- 49 :  00 Cannot see below or ahead.

17: 50:35 In and out of tops.
17:5 2:30 Tops of cirrus, flight level 280 (28 . 000 it).

18:00:30 Entering cloud. Gray sky above. Nice halo. lAS 150 kts.
Temperature -27°C.

18:01:45 Blue sky occasionall y visible above the gray.

18:02:25 1000 ft below tops. Sun off right wing. Position: 33° 10- N/ 106°  55 W .
18:04:00 At top of cirrus at flight level 290 (29 ,000 ft i .
18:07:30 80 NM west of Roswell. In cirrus. Temperature -27°C .
18:08:15 Cirrus getting thicker. Good 0. 1 mm size. Middle deck visible below.
18:09: 20 Darker now, rio halo.

18:09:30 Cannot see middle deck. Still 0. 1 mm size. Good halo.
18:12:30 In the middle of a thinning cirrus deck.

18: 14:00 Still good halo. Visibility I rri. Cannot see clouds below.
18:19:00 Still in cirrus.
18:28:00 lAS 150 kts. Flight level 299 (29 ,900 ft). Position: 33° 04 N/104°

55 W . 243 /36  kts.
18:28:45 Still in cirrus. Good ~ialo, bright sun.
18:31:2.5 Visibility 1 to 2 miles.
18:3 5:15 Larger particles; 0.3 to 0.4 mm. Flakes almost melt when they hit.
18:38:20 Just on top of the clouds. Flight level 300 (30 . 000 ft).

18: 42:50 Halo above. Particles of sizes 0. 2 to 0. 6 mm.
18:44:00 Skimming through tops. Darker blue above.

l~~:45:O 0 End of transcription. Flight level 300. Position: 33° 52 ’N/ lO5°  ll’\t .
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Appendix B
Data for Specif ic Cases

Average pa r~~cle diat rib et~~-n data f~ om the 1-D PMS probe s y s t e m  are pre-

sented here f~~r ca ch of the f ive periods exanJned in Section 4 of this report. The

data a:e raging interval is :ndicsted on each of the irstings.

~\ny of the nc c’-~aliaud partic le distribution figures in the Appendix, with units

of N/ r n  -mm, m a y  be converted to unnormalized N/m 3 by reeit ipl”:ng by th~
1Low ~ o’~ :iuo~her’ ol mil i-rmaeto rs.

Probe

I ‘~,:atte Cloud PI~ecip itation
(exc ept Precip itation

sre ,el l- st size) (smallest size)

~rns11 Snow 1 .8/  l0~~ 2 . 3 /  l0~~ 3 . 4/  10 1 2.1 ~ 10 1

Bullet h-’~~ct~as 1.8 l0~~ 2.0 10 2 3 .1  X lO~~ 2.3 ~ 10 1
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AF4L ~tR~ JS ~ T’~flY BY AFGL
FL I , MT  E78—13 8 0~1 19 4 A ~ 78 180 ~~C0NO 4V~ RAGING

!1TER ~ AL S T A ~ TI’L7 I05I0Q ’
PA R T I7 L E  S I Z E  Ui ST~~t 8UTIONS (NU1BER/M’~~3—M’4 I

A T Y P ~~t SMA LL SNOW

SI Z E  S A ’ ~TE ~ S I Z E  ‘~~DJJ SIZE PRECIP P (MB)
(MU P ~PJ B( (It) ) ~~ 0B E (NJ) PROBE 394. 3

2 2.lIc.+03 2’ ó .58 E+ w .. 465 2 .52E+~~3 ALT  (XMl
.1 3 .2~~E . C 3  1.9 t . 0 8 E + 0 5  7.3 l.94E+0’  7.284
5 l.i4....0 7~ 3 .3 9 E+f ~3 10S8  2 . OI E+02
7 1.~,3E.t0 33 2.41E+0” j 4 37  j .6j ! 4.3j  TEMP ( C )
g 7 .2 d~.+~~ h o  7..2 E + C 3  1778 1.76~~+30 —28. 8

ii. 1..95i.+o~ 11.1 t .s2E+C3 2123 1.87E+J0
12 2 . 5 2 E 4 0 9  15’. i.7 7 E 4 0 3  2’.68 t .32E +00  F~~0ST POIP4T
ii. 9 . 5 3 e +0 8 i.~~7 1.L..E+l 3 2813 0. —26.2
16 1. 73E+08 21. 3 2 .34E+C3 3158 0.
18 2.64E+17 233 3.4~~~+03 3503 0. lAS (N/SI
i~ 1.63 E+17 2 3 6  1.71E+~~3 3 13t.8 0. 116.1
21 1 . .SE+L7  ‘79 t . 52~~+~~3 4 1.93 0.
23 1 . 2 3 E + 6 7  3~~2 2.)9E+(.,~ 45313 3. NT (N/M3)
25 i . 3 0 E + ~~

7 3’5 2 . 5 7 E + 1 3  4883 0. 4574.9
27 1.8~~E+~ 7 3 1 3  2 . 8 1 E ” C 3  5228  0.

TOTALS
INC 2 . 7 2 E 1 — 0 2 1 3 . 9 7 E - L +  1 .53 E—32 1.62E—02
ME0 3 10 151 302 298

A F~ L -7r~~RJs STUDY B Y A F L
F5. . I ;4r  ~ 7 8 — 0 - t ON 1.~ 1A~ 78 150 SECOND A V E R A INr

I ~T E R ~ AL 3T~htts~~j7tj7* 3Q~
°A R T~ 7L~ SI 1E D(ST’tt 3JTI)NS (MU18E~~/M 3—’lM )

T Y P ~~I S MA LL SNO W

B.
SIZE . S~~~T T ER 3115 -7 0JJ S I Z E  PRECIP P (MB)
(~~:J) )~~3~~ ( It)) D~ 38~ (NJ) PROBE ‘55.2

2 a . 5 2 E + j S 2C, 1.t2E ~~C6 465 8.6 2E 1’ )Z A L T  (!( P4~
3 1. 16 E+G8 +3 8.~~7E+l. ? 71.3 7.51E+00 8.011
5 I. .E4 w8 7’  2 . 5 5 E+ w ’+ 1088 1.~~tE 31
7 9.91E+ 07 ~ 5 ‘. .B1E ~ 04 11.13 0. TEMP ( C )
9 7 . .3 E +uT 113 1. 12 u# C5  t77~ 0. —33.6

l.~ 5 .79 E+ ..7 1+1 5 . UJ E .L .  2123 0.
12 3 .6~~ri+~~7 16.. 3 . i 75~~Q .  21.68 3. rPQS TPOIP4T
11. 1...Ic+07 1137 t .8JE#~~i. 2813 i, —35.2
jr ~ 2 . 9 + E + G 7  21J ‘..~~E+L.. 3158 0.
IS l .53E + 07 23 1 ~l .51E’0’. ~503 0. lA S (M/S)
13 1. 2 J E# v 7  255 t .~~ 7 E + L 4  384 8 0. 120 .6
21 9.5)E+ .~ ‘~~) 9.15E.13 ,19.e 0.
2 3  ~.~~7 E + t 7  3J’  3.~~~r +~~3 4 5 10 0. NT (N/14 3)

~5 5.73~.+iS 325 3.S’+E ’C3 4883 0. 29290.8
27 5. ~3F+C6 1’.3 5.~~3E+Q 3 5228 fI,

TOTALS
I W ~ l.15c.— 13 o . j 9 E - C 3  7 . 7 3 E— 14  6.136E—03
MrD 3 j ! 3  119 219 125



AF 4L CT ’
~~JS STUDY 8~! AFGL

F _ 1 1 4T E7$-U8 IIN 19 4AR 70 244 ~~ C OND AV E~~AG’ING-
T t4T ERIIAL STA ~ T s~~17 t3ts00 ’

PAR TICLE SIZE. OISTi(IBUTIDM S (NUM 9~~ IPI~~~3—M N)

C. I Y P E ~ S M A L L  SNOW

SIZ., S~ A TTER SIZE C_ 3J) SIZ~ PRECIP P (MBI
(MU) ~RO8E (It)) P~ DBE (MU ) PROBE 321.5

2 2 .53!#O B 26 0. 465 0. ALT (XII )
I i.23E+0T 49 0. 743 0. 8.694
8 0. 72 0. 108 13 0.
7 0. 95 0. 1433 0. TEMP (C)
) 0. 113 3. 1778 3. —39. 0

14. 0. 141. 0. 2123 0.
12 0. 164 0. 24 68 0. FROSTPO INT
14 0. 1137 0. 281 ! 0. — 4 3.2
16 0. 2L~ 0. 315 8 0.
18 0. 233 U. 350 3 0. l A S  (M/S)
13 0. 256 J. 384 8 0. 124.4
21 0. ‘7) 3. l~4.93 0.
2 3 0. 332 0. 453 8 0. NT (N/fl3)
25 U. 325 0. 4883 0. 0.0
27 u. 343 3. 5228 0.

TOTALS
IWC 2 .28E — 0 5  0. C. 0.
M E 3 0 2 0 0 0

AF4 L C TR~ JS S TUDY BY A F G L
FLIGHT E 78— 0 13 ON 19 IAR 78 100 SECOND AV E RAGT Nr -

I41ER~ AL iT 4 ~~T~~~18i 13I0?~
PARTICLE SI~~5 ULS TRL BJ T T D NS (NUM BER/M~ ’3—NM )

TYP ES BiLL — ROSE

D.

SIZc S~~A T T Ei~ SIZE C OJO SIZ E PRECIP P ( MB)
( M I)) 3R09E (IU ) PRO BE (MU ) PROBE 3013.6

2 6 .3 3 E+08  ‘5 9 . 3 2 E + 0 5  437 5 . 7 5 E + ) 3  A L T  ( V’I )
3 3 .4 6 E+ 0 8  4 7 5 . 22 E+ 0~ 706 1.t4E+02 8.970
S ~.C6L +0 & 67 9 . 6 6 E # C 4  1011 k .OIE+30
7 2 . 39 E .08  137 7 .t7E~-~~. 1316 5 .75~~—~~2 T EP4~ (C)
3 i . 63E +013 108 i.!9~ + C 5  1622 0.

11 1.213 E .013 128 6 . 3 9 E * C 4  1927 0.
12 7 . 9 0 E + 3 7  143 5 . 3 1 3 Et C~. 2213 0. F’~OSTP O T N T
1’. 9.u3E’o. 7 16-3 3 . 3 q c~~;4 2538 0. —33 .8
16 6,73E+i~7 18) o.,4E+r4 2843 0.
10 3.22E+07 23 9 ? . ) 0 s + i ~~. 3149 0. TA S (M/S)
13 2.76E+ 07 23) ‘.Z S E + 0 4  3’.54 u .  12~~.0
21. 2 .U.E +U7 250 6.50E +3 , 376C 0.
23 2.0? r+ 07 271 ~~~~~~~~ 4355 0. NT (N/MI)
23 1 .80E+uT ‘~~1 ‘..SSEGO’. ‘+3 70 0. 29514.4
27 1.~~4E+uT 31 1 ~.51E+(. 4676 0-.

TOTALS
INC 2.53E— 01 b.~~~E- t’ S.50i.— )3 i.25E— 02
MEL) 1) 18 13 5 197 13’.
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AF 4L CIRRUS STIJOY BY A FGL
F I r ~T E78 08 O~4 j9 M AR 78 110 SECON D AV ER A GIN G

INT E RVA L 51A ~ TS~~18I35S0!’
PARTI~~LE SIZE O LST RIBUTIONS (NUIBE~~/N ~ ’3—lN)

E. TYPES BJLL— ROSE

SIZE S ATTER SIZE C OUD SIZE PRECIP P (NP)
(MU) ‘ROBE (1(3) P~ O9E (M U ) PROB E 293.5

2 2 .28E+08 26 2.93E+06 437 8 .OOE+ 13 ALT (XII)
3 4. 1’+ E+08 47 2 . 0 3 E + C 6  706 3.69E+J2 9.307
5 7.17E+~ 8 67 2 . J S E+ 0 6  1011 2.97E+0i
7 6 .77 E+0 8 97 1 .O4E+06 1316 .27E+30 TEMP (C)
9 ..92E+ 08 13-8 1 .ZSE +Ob 1622 4.97E—31 —42. 13

11 ~.73E +0S 128 ‘+ .5 1E+ 0 5  19’7 1.OBE — 01
12 2 .2 3 E 4 0 8  i..8 2 . 56 E+ C 5  2233 0. FROSTP OINT
1’. 2 .02F+~~8 169 8.3 7 E + 0 4  2 5 3 8  0. — 43 .3
16 2.02E+08 189 1.41E*l. 5 2843 0.
10 9.93E+07 203 1.ZuE+05 3149 0. TAS (M/S)
1~ 8.26E+07 233 9.)9E+04 3454 0. 127.9
21 6. 31E+c~7 2 50  5.5 4E$ 0’. 3760 0.
23 6 . 30 E +d 7  ‘7.1. 4 .S S E + 0 4  4 06 5  0. NT (N/MIS)

~5 5.81E+07 291 4.27 E+(~t. 4 370  u. 158646.6
27 4.h3c. +uT 311 3.38E+C4 4b’6 0.

TOTA LS
INC 7. L.BE—03 1.~~1E—C 2 9 .LJ E—33 2 .52 E—02
MED 3 18 67 208 105
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Appendix C

30-Second Data Averages

Data averaged over consecutive 30-sec inte rvals from 1705Z to 1848Z are
presented here. The predominant type of crystal used for water content calcula-

t ions is either bullet rosette or small snow—as indicated on individual pr intouts.

The method of determining unnormalized particle densities from the normalized
va lues in this section is described in the introduction to Appendix B
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